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Changes of Acinar Cells in the Pancreatobiliary Duct Ligation with 
Exocrine Pancreatic Stimulation Model in Rats; Protective Effects 
of a New Potent Protease Inhibitor, ON03307 
TETSUYA HIRANO, TADAO恥ifANABEFuMIAKI YoTSUMOTO, 
KATSUHIRO ANDO, and TAKAYOSH! ToBE 
First Department of Surgery, Faculty of Medicine, Kyoto University, Kyoto, Japan 
To evaluate the changes of pancreatic acinar cells in the pancreatic duct obstructed animals as well as 
the protective effects of a new potent protease inhibitor, ON03307, we measured the serum amylase 
levels, pancreatic water content, histological changes, lysosomal fragility in in-vitro incubation, cathep-
sin B distribution in acinar cells, and cathepsin Band amylase output into pancreatic juice after short-term-
ed (3 hrs) pancreatic duct obstruction with caerulein (0.2 μg/kg ・ hr) infusion in rats. 
Serum amylase levels, pancreatic water content, and lysosomal fragility in duct obstructed with 
caerulein infused animals were significantly increased compared with the control groups, and remarkable 
shift of cathepsin B from lysosomal fraction to zymogen fraction was observed in this group. These 
changes tended to continue 24 hours after removal of duct obstruction. But with infusion of ON03307, 
these changes observed in duct-obstructed with caerulein infusion groups were significantly, almost com-
pletely attenuated. 
These results indicate the intimate relationship between the pathogenesis of acute pancreatitis and 
lysosomes and some known proteases which are inhibited by ONO 3307 and suggest th巴usefulnessof such 
a kind of protease inhibitor in the treatment of acute pancreatitis. 
和文要旨；l捧胆管結主主時での醇腺房細胞の変化と新し 価する目的にて，ラ ザトにおいて 3時間の総勝胆管
いproteaseinhibitorである ON03307の保護効果を評 (PBD）結殺と同時に 0.2μg/kg ・ hrのcaerulein投与を
Key words: Acute pancreatitis, Lysosome, Cathepsin B, ON03307, Pancreatico-biliary duct ligation. 
索引語．急性目撃炎，ライソゾーム，カテプシンB,ON03307，総醇胆管結主主
Present address: First Department of Surgery, Faculty of Medicine, Kyoto University, 54 Shogoin-Kawaracho, 
Sakyoku, Kyoto 606, Japan 
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行ない，隣水分量，組織学的変化， in-vitro での in-
cubationでの lysosomeの脆弱性，解腺房細胞内での
cathepsin B活性の分布，および醇液中への cathepsin
B と amylase分泌量を経時的に検討した. 3時間の
PBD結繋・ caerulein刺激にて，血清 amylase値，降
水分量， lysosome脆弱性は control群に比べ有意に上
















































て飼育し，水分と食餌（PurinaRodent Chow, Purina 








静脈への catheterization(V-3 catheter; lnsul Tab, Inc. 





の analogueである caerulein(Sigma Chemicals, St. 
Louis, MO, USA）を 0.2μg/kg ・ hrの濃度にて infu-
sion pump (Harvard Apparatus, South Natick, MA, 
USA）を用いて 3時間持続静注した．この間，ラット
には基礎輸液としてへパリン加（30IU/ml）生理食塩





関口直上にて PBD に catheterization (PESO, Clay 







の解組織を phosphate-buffered10% neutral formalin中
にて固定し， H-E 染色による組織学的検索用とし，
さらに少量の隣組織をデシケーターにて（Isotemp⑮，




MOPS (3-(N-morpholino)propanesulfonic acid), 1 mM 
MgS04を含有する氷冷 sucrose(250 mM) buffer (pH 
6.5) 6 ml中にて Dounceの homogenizer(Wheatson, 
Millville, NJ, USA）を使用して homogenateとし，




ず 1300×g(4°C, 15分）の遠沈にて， zymogen分画
を得，この上清についてさらに， 12000×g(4°C, 12 
分）の遠沈を加え， lysosome 分画を得た．この最後
の上清は microsomalおよび solublefr actionと考えら






























tle manipulation直後， 12時間目， 24時間目にそれぞ
れ5匹づっ同様の protocolを施行した．
尚，すべての動物について，手術操作中は，
he a ti時 pad(American Medical Systems, Cincinnati, 
OH, USA）および overheadlampにて保温に努め，開
腹創は金属 clipにて閉塞し，必要なら pento barbital 
(10 mg/kg）の静脈内投与を施行した．
IT . Assay ; Amylase活性はsolublestarch (Fisher Scien-
tific）を基質として Bernfeldの方法2）にて測定し， 1 
単位（U）の amylase活性は 30°Cにて基質より 1分間
に 1mgのmaltoseを作製し得る活性値とした．また，
lysosomal enzymeである cathepsinB 活性は CBZ-
arginyl-arginineやnaphthylamide(Bachem Bioscience, 
Inc., Philadelphia PA, USA）を基質とする McDonald
と Ellis の方法10）にて測定した． 1単位の（U）の
cathepsin B 活性は基質より 1分毎に 1ng の J
naphthylamine (Sigma Chemical）を作製し得る活性と
しTこ
解の組織学的検索にほ， interstitial edema, inflam 
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U/ml 
-0ー PBDligation + CER group ( n ~ 7) 一・P PBD ligation + CER + ONO group ( n ~ 8) 
ーか PBD ligation group (n ~ 6) 
--0- Laparotomy group (n = 5) 
* : P < 0.01 vs. PBD ligation + CER group. 
.; 40 
P < 0.05 vs. PBD ligation+ CER +ONO group 
and P < 0.01 vs. laparotomy group 
** . P <0.01 vs. PBD ligation + CER group. 令~
五詰二 30 
P < 0 0 5 vs PBD ligation group 
and Pく0.02vs.laparotomy group 
団＠ 師
+ : P < 0.05 vs PBD ligation + CER group 
-+ : P < 0.01 vs. PBD lgat1on + CER group. 
〉E咽 20 
P < 0.02 vs. PBD ligation group 
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24 hrs 
after removal 
of PBD ligation 
Fig. 1 Protective effects of ON03307 on the changes in serum amylase levels induced by pancreatico-biliarγduct 
(PBD) ligation with caeru叫ileininfu 
PBD ligat. +CER +ONO group (n=8），一ム一；PBDligat. group (n=6），一口一；laparotomygroup (n=S), 
*: p<0.02 vs. PBD ligat.十CERgroup, p<0.05 vs. PBD ligat. +CER +ONO group, and p<0.01 vs. 
laparotomy group，糾 p<0.01vs. PBD ligat. +CER group, p<0.05 vs. PBD ligat. group, and p<0.02 vs. 
laparotomy group,+; p<0.05 vs. PBD ligat.+CER group,++; p<0.01 vs. PBD ligat.+CE group, and 
p<0.02 vs. PBD ligat. group) 
Table 1 Protective effects ofON03307 on the changes in the pancreatic water content induced by pancreatico-bihary 
duct (PBD) ligation plus caerulein infusion in rats. 
Pancreatic water content ( % ) 
Group n 包胎safter PBD 12 hrs after 124 hrs after 
~~parotomy emoval of PBD emoval of PBD ligation [igation 
lPBD ligation + CER 7 89±3 82±3 79±3 
lPBD ligation + CER + ONO 8 78±2* 76±2 75±2 
IPBD ligation 6 86±2 79士3 76±2 
baparotomy 5 75±2* 76±2 74士2
*:pく0.05vs PBD ligation + CER group and PBD ligation group 
PBD liagation + CER: Pancreaticoゐiliaryduct ligation wi血caerulein(0.2 μ g/kg ・hr) 
infusion (3hrs) group 
PBD ligation + CER + ONO: pancreatico biliary duct ligation with caerulein infusion plus 
ONO 3307 (5 mg/kg・ hr) infusion group 
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+CER+ONO群では血清 amylase値の上昇がごく 動は観察されなかった．
軽度（15土2U/ml）であり（前値： 5±1U/ml），す ②秤水分量， PBD結事長群において， caerulein刺激群
でに12時間目にはほぼ正常に復する傾向を見せた が3時間目に89±3%と最も上昇し，単PBD結繋群
(Fig. 1）.単開腹群では，血清amylase値の大きな変 も86±2%と次いで上昇を見せ，ともに ONO群単
Table 2 Protective efects of ON03307 on the histological changes induced by pancratico-biliary duct ligation with 
caerulein mfusion m rats 
Acinar cell vacuolization 
Group n 13hrs after PBD l 2hrs after removal of ri4 hrs after removal 






~BD lig. +CER 7 3+ (2.6土0.2] (1.9土0.3] (1.3士0.2]
OL.) b 
() 
ド0-1)b p σI) IPBD lig. +CER +ONO 8 p (0.4土0.3] (0.3土0.2] (0.3±0.2] 
σ"2) c 。Wl)b p σI) PBD lig. 6 1+ [1.2±0.3] (0.4土0.2] (0.2±0.2] 
0) e 。KO) b p 0) ~aparotomy 5 p [0] [0] [O] 
Interstitial ed巴ma
Group !3hrs after PBD 12hrs after removal of ri4 hrs after removal 
pigation IPBD ligation pf PBD ligation 
7 μ＋ ドH) 12 + 
2"'3) 
1 + IPBD lig. +CER (3.7±0.2] [2.3土0.2]




[1.3 ± 1.2] [0.6土0.3] [0.3±0.2] 
6 t2 + 
n) 
1 + 




(0) p 0) ~aparotomy [0] [0] [0] 
Inflammatory cell infiltration 
Group n 13hrs after PBD 12hrs after r巴movalof 』24hrs after removal 
igation IPBD ligation わfPBD ligation 







IPBD lig. +CER +ONO 8 p KOL.) b 。附！）c p o-1) b [0.4±0.3] [0.3土0.2] (0.1土0.1]
IPBD lig. 6 1+ 
Kσ"2) c 
1 + 
間） p fr~~）土c0.2] (1.2土0.3] [0.8土0.4]
laparotomy 5 p ド0）巴 わ 0) b 。0) c [0] [0] [0] 
a:pく0.Qlvs PBD lig. +CER and p<0.05 vs PBD Jig, b: pくO.Ot2vs PBDL Jig. +CER 
c:pく0.05vs PBD lig. +CER, d・: p<0.01 vs PBD Jig. +CER, pく0.02vs PBD Jig., PBD 



















+caerulein 刺激群がir山 rstitialedema, inflammatory 
cel infiltration, acinar cell vacuolizationの3者とも の分布； 3時間の
PBD lig +CEA group (n・7)
PBD Ilg. group (n = 6) 
PBD +CEA+ ONO group (n・8)
Lapa，。同mvgroup (n = 6) 
趨員丘
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(c) 
Protective effects of ON03307 on the changes in cathepsin B ditribution induced by pancreaticobiliarγduct 
(PBD) ligation with caerulein (CER) infusion inrats; (a) 3 hrs after PBD ligation, (b) 12 hrs after removal of 
PBD ligation, ( c)24 hrs after removal of PBD ligation. （関； PBDligat. +CER group (n=7）；図； PBDligat. 
group (n=6），・， PBDligat. +CER +ONO group (n=8），口， laparotomygroup (n=5), *; p<0.05 vs. PBD 
ligat.+CER group,**; p<0.05 vs. PBD ligat. and p<0.01 vs. PBD ligat.+CER group) 
Fig. 2 
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Table 3 Effects of ON03307 on the changes in pancreatic juice volume induced by pancreatico-biliary duct ligation 
with caerulein infusion in rats. 
Pancreatic juice volume (mQ kg・m) 
Group n 3 hrs after PBD 
12 hrs after 24 hrs after 
巴movalofPBD emoval of PBD 
igation ~igation ligation 
IPBD ligation + CER 7 0.12土0.04+ 0.36±0.04 0.26±0.03 
IPBD ligation + CER +ONO 8 0.39±0.06* 0.31±0.05 0.24±0.04 
IPBD ligation 6 0.32±0.04 0.28土0.04 0.23土0.02
laparotomy 5 0.24士0.03* 0.25±0.02** 0.27土0.03
*: p<0.01 vs PBD ligation+ CER, pく0.05vs laparotomy group 
**:pく0.05vs PBD ligation + CER group 
+: pく0.05vs laparotomy group, pく0.02vs PBD ligation group, and pく0.01
vs PBD ligation +CER +ONO 
PBD結然＋caerulein刺激により， lysosomalenzyme 
である cathepsinBは本来の lysosomalfraction (12 
KP) (32±3%）より思い zymogenfraction (1.3 kp 
(46土3%）へ再分布しているのが観察された（Fig.
2a). 3時間の PBD単結紫のみにでも軽度ではある
がこの傾向が観察された（1.3kp; 36±2%, 12 kp; 
40±4%). ONO投与群におし、ては， zymogen企ac-
ti onが26±2%,lysosomal fraction (12 kp）が54±3%
































PBD結紫＋caerulein + 0 N 0群の cathepsinB output 




U/kg ・ hr）とほぼ同様の値を示した（Fig.3b）・ PBD
結主主後24時間自には， 4群ともほぼ同様の値を示し
た（Fig.3c）・
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E密湿 PBDlig. + CER group (n ~ 7) ・PBDlig. + CER +ONO group (n = 8) 
~ PBDlig.(n = 6) 





































Effects ofON03307 on the changes in cathepsin B output into pancreatic juice induced by pancreatico-biliarγ 
duct (PBD) ligation with caerulein (CER) infusion in rats. 
(a) 3 hrs after PBD ligat旧n(b) 12 hrs after removal of PBD ligation, ( c)24 hrs after removal of PBD ligation 
(The symbols and the number of each group are the same as in Fig. 2. へp<0.01vs. PBD ligation+CER 




~週 PBDI唱＋ CER group (n = 7) 
- : PBDlig. + CER +ONO group (n = 8) 
~ PBDlig.(n = 6) 








































Effects of ON03307 on the changes in amylase output into pancreatic juice induced by pancreatico-biliary 
duct (PbD) ligation and caerulein (CER) infusion in rats. 
(a) 3 hrs a仕erPBD ligation, (b) 12 hrs after removal of PBD ligation, (c) 24 hrs after removal of PBD ligation 
(The symbols and the number of each group are the same as in Fig. 2. 勺p<0.01vs. PBD ligation+CER 
group,**; p<0.02 vs. PBD ligation+CER group,***; p<0.05 vs. PBD ligation+CER group.) 
(b) (a) 
Fig. 4 
+caerulein +ONO 群にては， amylase output が
3749±337 U/kg ・hrを示し，単開腹群， PBD群結
数群に比べ有意の増加を示した（Fig.4a). 
PBD 結紫解除後12時間目には， PBD 結数
+caerulein群も amylaseoutputは 1725土229U/kg 
amylase outputについても， 3時間の PBD結主主
+caerulein群では， 782±131U/kg・おとなり，単





腹群（1526±166 U/kg ・ hr）とほぼ同様の値を示し，
勝外分泌系の回復を示したが， PBD 結主主
+ caerulein +ONO群は， 3457土308U/kg ・hrとな
Table 4 E百ectsof ON03307 on the changes in lysosomal fragility induced by pancreatico-biliary duct obstruction 
with caerulem infusion m rat in in-vivo in cubation 
(a)3 hrs after OBD ligation 
Soluble cathepsin B activity (% of total) 
Group n Incubation time (m凶）
一
30 60 90 120 
PBD lig. +CER 7 1 1士2 23±2 39土3 58±4 
IPBD lig. +CER +ONO 8 7士2 13±2a 23土2b 34土2c
PBD lig. 6 10±2 20±2 34±3 47士3
~aparotomy 5 6±1 11±2b 18±2d 31±3c 
(b) 12 hrs after removal of PBD ligation 
Soluble cathepsin B activity (% of total) 
Group n Incubation time (min) 
30 60 90 120 
IPBD lig. +CER 7 9士2 17±2 35±3 48土4
IPBD lig. +CER +ONO 8 6士1 14士2 22士2a 34土3a
IPBD lig. 6 6±1 12±2 19士2a 32±2a 
~aparotomy 5 8土2 14±2 21±2a 35±3a 
(c) 24 hrs after removal of PBD ligation 
Solubl巴cathepsinB activity (% of total) 
Group n Incubation time (min) 
30 60 90 120 
IPBD lig. +CER 7 8±2 17±3 25±3 41±4 
IPBD lig. +CER +ONO 8 7土l 15±2 23土2 37±3 
IPBD lig. 6 6±1 14±2 21士2 35±2 
~aparotomy 5 7±2 13±2 19±2 33±4 
a:pく0.05vs PBD lig. +CER, b: p<0.05 vs P~DL lig. +CER and PBD hg., 
c: p<0.01 vs PBD lig. +CER and PBD lig., d・ p<0.02 vs PBD lig. +CER and PBD lig. 









+caerulein +ONO群はこれらの lysosomalfragility 
の充進を有意に阻止するのが観察された（Tab.4a). 


























sin B と勝消化酵素の弊腺房細胞内での colocalization
が想定されているか 13刈，今回の PBD 結紫
+caerulein刺激群では，細胞分画法において cathep-
sin Bが本来の lysosomalfraction ( 12kp）より，さらに






















への cathepsinB, amylase outputも結繋解除後直後に
は減少し， 24時間後にはほぼ回復する傾向を見せた．
PBD 単結繋群では逆に結主主解除直後に単開腹群に比






伊 anidinoacid esterの一種で， trypsin,phospholipase 
hやkallikrein等の proteaseを強く抑制することが報
告されており 9), 430 dalton とL寸分子量からも，際
血管床から勝腺房細胞内へ到達し得ることが十分期待
され，隣炎での勝腺房細胞への保護効果が予想、された．






sin B，および amylaseoutputも，単開腹群や PBD結
主主群に比べむしろ増加しているのが判明した．これら
の事実は， PBD 結繋＋caerulein 刺激下では，
ON03307にて阻害し得る何らかの proteaseが，その
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